Media Access Control Address Translation 

Inventor: 
Timothy D. Adcox 
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FTTH MAC Layer Obfuscation 



Problem: 

The PON architecture of the FTTH 1000 allows two or more OECs with attached hosts whose MAC 
addresses are altered to match to receive the same downstream data. This is commonly referred to as 
MAC spoofing. In most cases a hacker has obtained or surmised a target's MAC address and is 
impersonating this host. 

Proposed Solution: 

The best possible solution is one that is transparent to the user, application layer and infrastructure 
and is implemented in one network element This is such a solution. Each OEC is assigned a MAC 
address at the factory prior to shipment. This MAC address is not accessible to either the user or 
network management personnel and is used internally to the FTTH system. Each OEC is also 
equipped with a four-entry MAC address table for managing attached hosts. 

With both of these resources available, the solution can be arrived at in the OEC by using the OEC*s 
MAC address and altering the serial portion to point to the OEC host table entry for the source MAC 
address. 

Result: 

The result will be a MAC layer address translation (MAT). Outgoing packets will have their source 
MAC address replaced with the altered OEC MAC address. Incoming packets will be sensed by the 
destination OEC and the serial portion will be used by the OEC to replace the destination MAC with 
the host pointed to in the MAC table. 
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Example of an Upstream Ethernet II Header Originating From The 
00:50:04:00:C1:8D Host After Translation 



6 Bytes 
Destination 
Address 


6 Bytes 
Source Address 


2 Bytes 
Protocol 
Type 
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46-1500 Bytes 
Data (Payload) 



4 Bytes 
CRC 



Example of a Downstream Ethernet II Header Destin For The Host 
00:A0:83:00:0E:F5 Before Translation 



6 Bytes 
Destination 
Address 


6 Bytes 
Source Address 


2 Bytes 
Protocol 
Type 






mm 





46-1500 Bytes 






Data (Payload) 

















4 Bytes 
CRC 
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The attached Appendix A describes a Fiber To The Home (FTTH) system in which the 
present invention may be implemented. 
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Fiber to the Home (FTTH) Multimedia Access System with Reflection PON 

CROSS REFERENCE TO RELATED APPLICATIONS 

5 

This application is a continuation-in-part of United States Patent Application S/N 
09/537,022, filed on March 28, 2000, and is also related to the following co-pending 
United States patent applications, which further describe certain elements and aspects of 
the FTTH Multimedia Access System set forth herein: (1) S/N 09/520,587, titled "Splice 

10 Tray for use in Splicing Fiber Optic Cables and Housing Therefor," filed on March 8, 
2000; (2) S/N 09532,996 titled "Apparatus for Distributing Optical Fiber Transmission 
Paths," filed on March 22, 2000; (3) S/N 09/540,956, titled "Apparatus and Method for 
Combining Two Separate RF Signals on a Single Optical Fiber," filed on March 31, 
2000; (4) S/N 29/120,491, titled "Wall-Mounted Home Network Unit," filed on March 

15 20, 2000; (5) S/N 60/186,486, titled "Home Networking Unit," filed on March 2, 2000; 
(6) S/N 09/395,844, titled "Apparatus and Method for Extracting Two Distinct Frequency 
Bands from Light Received by a Photodiode," filed on September 14, 1999; and (7) S/N 
09/539,395, titled "Digital Laser Driver Circuit," filed on March 31, 2000. The teaching 
and disclosure of these co-pending applications are hereby incorporated into this 
20 application by reference. 



BACKGROUND 

1. Technical Field 

25 The present invention is directed toward the field of broadband multi-media 

communication systems. More specifically, the invention is a scalable multi-media 
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Fiber-To-The~Home (FTTH) access system that enables the efficient delivery of 
telephony, Internet Data, CATV, video-on-demand (VOD), direct broadcast satellite 
(DBS), and other multi-media services via a passive optical network coupled between 
special-purpose multi-media interface circuitry located at a central office location and a 
5 plurality of Home Network Units (HNUs) located at subscriber homes or businesses. 

2. Description of the Related Art 

Prior to the explosive growth in the public's demand for data services, such as 
dial-up Internet access, the local loop access network transported mostly voice 

10 information. This present access network typically includes numerous twisted-pair wire 
connections between the plurality of user locations and a central office switch (or 
terminal). These connections can be multiplexed in order to more efficiently transport 
voice calls to and from the central office. The present access network for the local loop is 
designed primarily to carry these voice signals, i.e., it is a voice-centric network. 

15 Today, data traffic carried across telephone networks is growing exponentially, 

and by many measures may have already surpassed traditional voice traffic, due in large 
measure to the explosive growth of dial-up data connections. The basic problem with 
transporting data traffic over this voice-centric network, and in particular the local loop 
access part of the network, is that it is optimized for voice traffic, not data. The voice- 
20 centric structure of the access network limits the ability to receive and transmit high- 
speed data signals along with traditional quality voice signals. Simply put, the access 
part of the network is not well matched to the type of information it is now primarily 
transporting. As users demand higher and higher data transmission capabilities, the 
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inefficiencies of the present access network will cause user demand to shift to other 
mediums of transport for fulfillment, such as satellite transmission, cable distribution, 
wireless services, etc. 

An alternative present local access network that is available in some areas is a 
5 digital loop carrier ("DLC") system. DLC systems utilize fiber-optic distribution links 
and remote multiplexing devices to deliver voice and data signals to and from the local 
users. An early DLC system is described in United States Patent No. 5,046,067 titled 
"Digital Transmission System" ("the <067 patent"). The '067 patent describes a Digital 
Loop Carrier (DLC) system. In a typical DLC system, a fiber optic cable is routed from 
10 the central office terminal (COT) to a host digital terminal (HDT) located within a 
particular neighborhood. Telephone lines from subscriber homes are then routed to 
circuitry within the HDT, where the telephone voice signals are converted into digital 
pulse-code modulated (PCM) signals, multiplexed together using a time-slot interchanger 
(TSI), converted into an equivalent optical signal, and then routed over the fiber optic 
15 cable to the central office. Likewise, telephony signals from the central office are 
multiplexed together, converted into an optical signal for tr ansport over the fiber to the 
HDT, converted into corresponding electrical signals at the HDT, demultiplexed and 
routed to the appropriate subscriber telephone line twisted-pair connection. 

Some DLC systems have been expanded to provide so-called Fiber-to-the-Curb 
20 (FTTC) systems. In these systems, the fiber optic cable is pushed deeper into the access 
network by routing fiber from the HDT to a plurality of Optical Network Units (ONUs) 
that are typically located within 500 feet of a subscriber's location. Multi-media voice, 
data, and even video from the central office location is transmitted to the HDT. From the 
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HDT, these signals are transported over the fibers to the ONUs, where complex circuitry 
inside the ONUs demultiplexes the data streams and routes the voice, data and video 
information to the appropriate subscriber. 

These prior art DLC and FTTC systems suffer from several disadvantages. First, 
5 these systems are costly to implement and maintain due to the need for sophisticated 
signal processing, multiplexing/demultiplexing, control, management and power circuits 
located in the HDT and the ONUs. Purchasing, and then servicing this equipment over 
its lifetime has created a large barrier to entry for many local loop service providers. 
Scalability is also a problem with these systems. Although these systems can be partially 
10 designed to scale to future uses, data types and applications, they are inherently limited 
by the basic technology underpinning the HDT and the ONUs. Absent a wholesale 
replacement of the HDT or the ONUs (a very costly proposition), these DLC and FTTC 
systems have a limited service life due to the design of the intermediate electronics in the 
access loop. 

15 Therefore, there remains a general need in this field for a multi-media access 

system that is scalable and which does not include complex, costly intermediate 
electronics in the local access loop between the central office location and the subscriber's 
premises. 

20 

SUMMARY 

A Fiber-to-the-Home (FTTH) multi-media access system and method are 
provided in which voice, video and data signals are transported over a passive optical 
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network (PON) between a central office location and a plurality of subscriber home 
network units (HNUs). Optical video distribution circuitry and telephony/data 
distribution circuitry at the central office location are included in the system and operate 
to send and receive CATV television signals, DBS signals, telephony and Ethernet packet 
5 data signals to and from the HNUs via the PON. Optical multiplexing/demultiplexing 
circuitry operating at the central office combines the video signals, which are operating at 
one (or more) optical wavelength(s), with the combined telephony/data signals, which are 
operating at a second, distinct optical wavelength. These combined optical signals are 
then transported over the PON to the HNUs. The PON includes a plurality of distribution 
10 fibers coupled to a plurality of passive optical splitters, which are each coupled to a 
plurality of drop fibers that connect to the HNUs. The HNUs receive the combined 
optical signals, demultiplex and convert the optical signals into corresponding electrical 
signals, which are in turn coupled through the HNU to the video, data and telephony 
networks within the home. The HNUs also receive upstream electrical signals from 
15 devices within the home, multiplex and convert these electrical signals into upstream 
optical signals, and transmit these upstream optical signals to the central office. 

According to one aspect of the invention, a system for transporting voice, video 
and data signals in the local access loop between a central office location and a plurality 
of subscribers is provided. This system includes: (1) optical video distribution circuitry 
20 for combining CATV television signals and DBS television signals into optical video 
signals at a first wavelength; (2) telephony/data distribution circuitry for combining 
telephony signals and packet data signals into optical telephony/data signals at a second 
wavelength; (3) optical multiplexing circuitry for combining the optical video signals at a 
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first wavelength with the optical telephony/data signals at a second wavelength to form 
combined optical signals carrying information at two distinct wavelengths; (4) a passive 
optical network for transporting the combined optical signals to the subscribers, wherein 
the passive optical network includes a plurality of 1:N reflective splitter/couplers that 
5 each include a plurality of optical coupling circuits for coupling N downstream 
transmission ports to one or more upstream transmission ports, and for echoing signals 
between the N downstream transmission ports; and (5) a plurality of home network units 
coupled to the 1 :N reflective splitter/couplers for receiving the combined optical signals, 
and for demultiplexing and converting the combined optical signals into a plurality of 
10 electrical signals corresponding to the CATV television signals, the DBS television 
signals, the telephony signals, and the packet data signals. 

Another aspect of the invention provides a method of transmitting telephony, data 
and video signals in the local access loop between a central office location and a plurality 
of subscriber homes. This method includes the following steps: (A) multiplexing the 
15 telephony signals with the data signals to form telephony/data signals; (B) converting the 
telephony/data signals into optical telephony/data signals; (C) converting the video 
signals into optical video signals; (D) combining the optical telephony/data signals and 
the optical video signals into a combined optical signals; (E) transmitting the combined 
optical signals over a passive optical network that is terminated with a plurality of home 
20 network units within each subscriber's home, wherein the passive optical network 
includes a plurality of 1:N reflective splitter/couplers, each of the 1:N reflective 
splitter/couplers coupled to up to N home network units; (F) extracting the optical video 
signals and the optical telephony/data signals from the combined optical signals; (G) 
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demultiplexing the telephony signals and the data signals from the telephony/data signals; 
and (H) routing the video signals, the telephony signals, and the data signals to devices 
within the subscriber's home. 

Still another aspect of the invention provides a method of transmitting data over a 
5 passive optical network that couples a central office terminal to a plurality of home 
network units (HNUs), the passive optical network include a plurality of 1 :N reflective 
splitter/couplers, wherein each of the 1:N reflective splitter/couplers is coupled to up to N 
HNUs, and echoes data transmitted by one of the HNUs to the other HNUs, comprising 
the steps of: providing a continuous downstream transmission from the central office 

10 terminal to the HNUs; and providing a burst upstream transmission from each of the 
HNUs to the central office, wherein each of the HNUs coupled to a particular 1 :N 
reflective splitter/coupler monitors the upstream transmission from the other HNUs and 
dynamically adjusts the frequency of its burst upstream transmission in order to 
maximize upstream bandwidth. 

15 Another aspect of the invention provides a reflective splitter/coupler for use in a 

passive optical network for transporting optical communication signals. The reflective 
splitter/coupler includes: at least one upstream transmission port; a plurality of 
downstream transmission ports; and a plurality of optical coupling circuits coupled 
between the at least one upstream transmission port and the plurality of downstream 

20 transmission ports, the optical coupling circuits being configured to transmit an upstream 

r 

signal received from one of the downstream transmission ports to the at least one 
upstream transmission port and also to the other downstream transmission ports. 
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It should be noted that these are just some of the many aspects of the present 
invention. Other aspects not specified will become apparent upon reading the detailed 
description set forth below. 

Throughout this application a variety of acronyms are used. The following is a 
5 non-exhaustive list of many of these acronyms: ATM means Asynchronous Transfer 
Mode; CATV means Cable Television; CO means Central Office; COT means Central 
Office Terminal; CLE means Customer Located Equipment; DBS means Digital 
Broadcast Satellite; EMS means Element Management System; FOA means Fiber Optic 
Amplifier; FTTH means Fiber To The Home; GUI means Graphical User Interface; HDT 

10 means Host Digital Terminal; HNU means Home Network Unit; IP means Internet 
Protocol; ISP means Internet Service Provider; MDS means DISC*S® MX Distribution 
shelf; NE means Network Elements; NGDLC means Next Generation Digital Loop 
Carrier system; OSP means Outside Plant; OSS means Operational Support Systems; 
PCM means Pulse Code Modulation; PON means Passive Optical Network; POTS means 

15 Plain Old Telephone Systems; PPPOE means Point-to-Point Protocol Over Ethernet; SS 
means Supervisory System; SWX means Splitter WDM Frame; TCP/IP means 
Transmission Control Protocol/Internet Protocol; TDM means Time Division Multiplex; 
TSI means Time Slot Interchange; and WDM means Wave Division Multiplex. 

The present invention provides many advantages, such as: (1) provides an 

20 inexpensive, easy-to-service architecture enabling the bi-directional communication of 
voice, high-speed data, CATV and DBS multi-media services within the local-loop 
between a central office terminal and a plurality of subscribers; (2) provides a passive 
optical network (PON) architecture with no intermediate^6lecfronics to service; (3) 

CL:558860 o 



ft O "3 7 °4 ife r J O ... "P H O 

provides a data transmission protocol including variable-length packets, guard time 
interval, a common packet structure for all types of information, multiple queues to 
prioritize different types of data during multiplexing, an addressing scheme that is used to 
differentiate the different types of multi-media data during demultiplexing, and a bit error 
5 detection mechanism; (4) enables the fragmentation of packets across two or more time 
slots in the data protocol; (5) provides 8B10B coding in order to (i) provide additional bit 
information to assist in the detection of bit errors, (ii) delineate the boundary between 
adjacent data packets, and (iii) provide known control data when no information is being 
transmitted; (6) the system includes a collision avoidance mechanism having a 
10 downstream control signal that tells each HNU what time slot they are to communicate 
on within the upstream TDMA channel; (7) provides high-speed, symmetrical PPPOE 
data transport; (8) the architecture is easily scaled to other types of services and services 
operating at higher data rates, such as 100Base-T Ethernet; (9) provides a mechanism for 
prioritizing voice traffic; (10) low latency; (11) provides bi-directional optical 
15 transmission using the same wavelength on a single fiber; and (12) provides an advanced 
echo-cancellation circuit. 

These are just a few of the many advantages of the present invention, which is 
described in more detail below in terms of the preferred embodiments. Not all of these 
advantages are required to practice the invention, and this listing is provided simply to 
20 illustrate the numerous advances provided by the invention. As will be appreciated, the 
invention is capable of other and different embodiments, and its several details are 
capable of modifications in various respects, all without departing from the spirit of the 
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invention. Accordingly, the drawings and description of the preferred embodiments set 
forth below are to be regarded as illustrative in nature and not restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 The present invention satisfies the general need noted above and provides many 

advantages, as will become apparent from the following description when read in 
conjunction with the accompanying drawings, wherein: 

FIG. 1 sets forth an exemplary embodiment of an FTTH system 1 according to the 
present invention; 

10 FIG. 2 sets forth a more detailed schematic of the system shown in FIG. 1; 

FIG. 3 is another exemplary embodiment of an FTTH system 1 according to the 
present invention; 

FIG. 4 is a block diagram showing TCP/IP data transport over an Ethernet 
connection in the system of the present invention; 
15 FIG. 5 is a block diagram showing PSTN telephony data transport in the system 

of the present invention; 

FIG. 6 is a circuit schematic of a preferred optical transceiver employing echo 
cancellation for use with the system of the present invention; 

FIG. 7 is a data protocol diagram showing a full-duplex PON with TDMA return 
20 methodology for use with the system of the present invention; 

FIG. 8 is an electrical block diagram of a Quad Optical Interface Unit (QOIU) 
card operating at the CO terminal equipment in the system of the present invention; 

FIG. 9 is an electrical block diagram of the HNU; 
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FIG. 10 is a data flow diagram showing the coupling between a QOIU at the 
central office terminal and one HNU located at the subscriber's premises; 

FIG. 11 is an electrical block diagram showing the logical components of a Field 
Programmable Gate Array (FPGA) operating within the HNU; 
5 FIG. 12 is an electrical block diagram showing the logical components of a Data 

FPGA operating within the QOIU card; 

FIG. 13 is an electrical block diagram showing the logical components of a 
Common FPGA operating within the QOIU card; 

FIG. 14 is an electrical block diagram showing the logical components of a 
10 Framer FPGA operating within the QOIU card; 

FIG. 15 shows an HNU timeslot selection interface that may be included in the 

HNUs; 

FIG. 16A sets forth the methodology of automatically selecting an HNU timeslot 
when power is first applied to the HNU; 
15 FIG. 16B sets forth the methodology of manually selecting an HNU timeslot. 

FIG. 17 sets forth a first embodiment of a 1:8 reflective passive optical coupler 
for use in a passive optical network; 

FIG. 18 sets forth a second embodiment of the reflective passive optical coupler 
shown in FIG. 17; 

20 FIG. 19 sets forth a third embodiment of the reflective passive optical coupler 

shown in FIG. 17; and 

FIG. 20 sets forth a timing diagram for communicating over a passive optical 
network (PON) utilizing one of the three reflective optical couplers shown in FIGs 17-19. 
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These drawing figures present one or more preferred embodiments of the present 
invention. The preferred embodiments, which are described in detail below, are 
presented by way of example, and are not meant to limit the scope of the claimed 
invention. 

5 DETAILED DESCRIPTION 

L System Overview 

The fiber to the home ("FTTH") system described in this application preferably 
utilizes a Passive Optical Network ("PON") architecture configured in a star-star 
configuration with split ratios selected to provide maximum service bandwidth while 

10 lowering distribution costs. All of the electronic components are preferably in the central 
office or in the residence; i.e., there are preferably no active components in the feeder or 
distribution plant, although in certain embodiments of the invention there could be. The 
major benefit of this architecture is extremely low maintenance cost and high service 
quality. Multi-media services are combined at a central location, assumed hereafter to be 

15 a Central Office ("CO"). These services are then transmitted to various customers over a 
fiber optic network that extends from the CO to the homes or businesses of the individual 
customers. A passive optical splitter terminates each fiber in the distribution plant and 
feeds up to four customers with a single fiber entering each residence or business. 

All voice, data and video services subscribed to by each customer are processed in 

20 the CO by specialized equipment, including optical video distribution equipment and 
packet voice/data distribution equipment (described below). Circuit switched voice lines 
from a CO switch and high speed data from packet data routers are feed to a Distribution 
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Shelf (MDS), combined, put in packet format and converted into an optical signal for 
transmission. CATV signals acquired from an antenna system or service provider (or 
video on demand signals) are combined with the signal from a Direct Broadcast Satellite 
(DBS) antenna, amplified, split and wave division multiplexed (WDM) with the 

5 voice/data packet signals. The fiber outputs of the optical and packet voice/data systems 
at the CO are optical signals each containing unique voice, data and video subscribed to 
by the customer(s). Passive functions of splitting, wave division multiplexing and routing 
of fibers for splicing into distribution fibers is performed by an Optical Mainframe, which 
is also preferably located at the central location. 

10 Each fiber leaving the CO is preferably assigned to a group of four customers, 

although it could service more or less customers depending on the implementation. The 
various multi-media signals on the fibers are preferably transmitted for distances up to 
33kft without amplification before being terminated by the passive splitters serving each 
group of four customers. The signals at the output of the splitters are applied to a drop 

15 fiber servicing a single home/business that can be up to 3.3kft in length. This allows 
serving dense and sparsely populated areas (residences could be a mile apart in rural 
areas). The drop fiber is terminated at the customer premise in an electronic unit called 
The Home Network Unit ("HNU") The HNU performs the primary function of 
separating downstream signals and converting them to their proper formats for voice, data 

20 and video distribution in the home or business, and conversely combining upstream 
voice, data and perhaps video control signals into an upstream signal for transport back to 
the central office. 
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The HNU preferably includes three standard connectors for three independent 
phone lines, one connector for data and two coax connectors, one providing CATV (or 
NTSC) video and the other for Digital Broadcast video. Each video output supports up to 
four TV sets or DBS set top boxes depending on the service, without additional 
5 amplification. With additional amplifiers in the HNU, more than four connections may 
be supported. The FTTH system provides high-speed symmetrical (Le, bi-directional) 
data transport using a secure Point-to-Point Protocol over Ethernet (PPPoE) transport 
protocol. Data from customers is aggregated and converted, if necessary, at a CO to a 
protocol compatible with the Internet Service Providers. The HNU is preferably powered 
10 from a standard 115V AC source at the residence. Additionally, an optional battery 
backup unit for maintaining POTS service in the event of an AC power outage is 
provided. 



II. Preferred Embodiments 
15 The remainder of this Detailed Description sets forth several exemplary 

embodiments of the invention. It should be understood, however, that these are just some 

of the many possible embodiments of the invention, and other, different embodiments 

will become apparent to one of ordinary skill in the art upon reading this application and 

the accompanying drawing figures. 
20 FIG. 1 sets forth an exemplary embodiment of an FTTH system 10 according to 

the present invention. FIG. 2 sets forth a more detailed schematic of the system shown in 

FIG. 1. 
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The preferred multimedia services provided via the system 10 are Plain Old 
Telephone Service (POTS), high-speed data and video. All three services are combined 
and distributed from a central location 12, assumed herein to be a Central Office, and 
transmitted to customers over a fiber optic network 14. The resulting Outside Plant 44, 
5 46, 48 preferably contains no active components and thus is referred to as a Passive 
Optical Network (PON). A passive optical splitter 46 terminates a single fiber 44 in the 
distribution plant and feeds up to four customers. 

The FTTH system 10 is optimized for low initial first cost. Service costs are 
deferred until there is demand on a per customer basis. The initial first cost is driven by 

10 low OSP cost to place only the fiber cable in the network, either aerial or buried, with no 
intermediate cross connects. Once a customer requests service, a drop fiber 48 is 
delivered to the individual home via a splice 46 off of the primary fiber cable 44. 

Delivery of services is CLE (Customer Located Equipment) based 16. A single, 
locally powered CLE unit 50 (HNU) provides voice, video and data services from the 

15 fiber 48 entering the home. Once installed, the high bandwidth of the fiber network 
combined with the simplicity of CLE deployment allows for an increase (scalability) in 
CLE feature sets and accommodation of new services without requiring additional 
construction. This scalability advantage of the present invention is not possible with 
presently-implemented access loop networks. 

20 The Central Office Equipment 12 preferably utilizes a Marconi® MX NGDLC 

(Next Generation Digital Loop Carrier) product (available from Marconi 
Communications, Irving, Texas) that provides network distribution, connectivity and 
control of broadband video and data plus telephony functionality, including a Telecordia 
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certified GR-303 switch interface. Included with the NGDLC product is a unique Optical 
Mainframe 62 for fiber management, optical multiplexing, and termination as well as an 
optical video distribution subsystem 38, 34, 30. The FTTH system 10 can be deployed as 
an overlay in areas where there is a demand for voice, video and data services, as an 
5 alternative method for outside plant rehab, overlay, or in greenfield construction. 

The equipment making up the exemplary FTTH system 10 shown in FIGs. 1 and 
. 2 consists of the following elements: (1) The Home Network Unit (HNU) 50 is the CLE 
unit. The HNU 50 is attached to the fiber OSP 48 and provides voice, video and data 
services distributed by the DISC*S® MX Distribution shelf (MDS) 20 at the CO. The 

10 HNU 50 preferably receives local power from an external power supply and an optional 
battery backup supply; (2) The DISC*S® NGDLC configured with the MX Distribution 
shelf (MDS) that supplies voice/video/data distribution cards that interface with the fiber 
OSP and with the upstream network switching elements; (3) The SWX Optical 
Mainframe 30, which provides management of the distribution fibers from the HNUs, 

15 mass fusion splicing for termination into optical distribution equipment and wave 
division multiplexing; (4) The optical video distribution 38A-38E consisting of fiber 
amplifiers and transmitters for broadcast of DBS 42 and CATV video 40; (5) The 
broadband data aggregation equipment for transferring packet data to the ISP traffic 
transmission backbone 26A, 26B; and (6) Element Management Systems 20E to provide 

20 operational control of the above items as required or appropriate. 
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A. Outside Plant (OSP) 

The OSP is optimized for aerial construction, although the architecture is 
applicable to buried construction as well. The OSP is constructed of fiber cables 44 
extending from a central or remote switching location throughout the service area. Each 

5 fiber provides service preferably to four homes. The signals on the fibers are transmitted 
for distances up to 33 kft, without amplification, before termination at a passive splitter 
46. The 4:1 splitter terminates the fiber 48 in close proximity (3.3 kft or less) to four 
homes or living units. A single fiber drop 48 extends from the splitter 46 to each of the 
living units and terminates at the HNU 50. The four way splitters 46, the fiber drops 48, 

10 termination of the fiber drop and installation of the HNU 50 are added to the system as 
service is required. 

B. Home Network Unit (HNU) 

The HNU 50 is located inside the customer premise 16 and provides the following 
services: (i) 3 POTS lines 56; (ii) 1 CATV drop (50-750MHz) 60; (iii) 1 DBS drop (950- 
15 2050MHz) 58; and (iv) 1 10Mbps Ethernet drop 54. The HNU 50 is locally powered via 
an external power supply co-located inside the customer premise 16. Lifeline POTS is 
supported by optional battery backup on a single POTS line. The battery backup consists 
of a unit external to the HNU 50 that accepts commonly available "C" cell or 9 volt 
batteries. 

20 The HNU 50 is preferably mounted on a wall inside the living unit. The HNU 

housing is preferably a "clam shell" box with a hinged cover providing access to the 
circuit board and fiber loop inside the unit. A lock is provided to prevent unauthorized 
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entry to the HNU. Mechanical schematics of the preferred HNU 50, and corresponding 
description are set forth in co-pending application S/N 60/186,486, titled "Home 
Networking Unit," the teaching of which has been incorporated into this application by 
reference. 

5 The fiber drop cable 48, including an optional metallic strength member, enters 

the HNU 50 housing. The mechanical termination of the fiber cable 48 and optional 
strength member is provided as an integral part of the HNU 50 housing. The fiber drop 
48 termination is provided jointly by the HNU 50 unit mechanics and the HNU 50 circuit 
board. The HNU 50 hinged cover contains an integrated fusion splice tray where the 

10 fiber drop to the home is spliced into the HNU internal fiber loop. The HNU internal 
fiber loop is then terminated on the HNU circuit board. A further description of this fiber 
splice tray is seen in co-pending application S/N 09/520,587, titled "Splice Tray for use 
in Splicing Fiber Optic Cables and Housing Therefore," the disclosure of which has been 
incorporated into this application by reference. 

15 The HNU 50 provides all services on a single circuit card mounted in the housing. 

The HNU circuit board provides the WDM and electrical to optical conversion functions 
to extract the POTS and data signals from the 1310nm wavelength and the video signals 
from the 1550nm wavelength. In the upstream direction the HNU 50 converts the 
electrical signals to optical signals and multiplexes the 1330nm and 1550nm wavelengths 

20 onto the fiber for transport back to the CO. 

The POTS, video and Ethernet data are provided as connectorized outputs on the 
HNU 50 housing. Three RJ11 connectors are provided for connection to the house 
telephone wiring. Each connector provides a separate, private line. Two *F* type 
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connectors are provided for video feeds into the customer premise. One connector 
provides the CATV signal and the other provides the digital DBS signal. A single RJ45 
connector is provided for a lOBase-T high-speed data connection to the customer's 
computer. 

5 Voice traffic is received and transmitted in a packetized format by the HNU 50. 

The HNU 50 provides the battery (optional external), ringing, supervision (off-hook/on- 
hook), and PCM coding of telephony BORSCHT functions for each POTS line. The 
resulting POTS line interfaces at the three RJ11 jacks on the HNU 50 meet the 
requirements of TR-57, as applicable. The POTS line interfaces are also compatible with 
10 implementation of CLASS services. 

The video signal 60 reception range is from 50 to 2050 MHz. The DBS signal 58 
reception is 950-2050MHz. Standard DBS set top boxes will be used to decode the 
signals. CATV signal reception is 50-750MHz. 

The HNU CATV interface (coax 'F' connector) complies with NTSC standards 
15 and provides 25 analog channels and 140 digitally-modulated channels of programming. 
The HNU DBS interface (coax F connector) complies with the Hughes DBS standard for 
the provision of a full range of DBS channels. 

HNU data traffic is received and transmitted as Ethernet packets using Point-to- 
Point Protocol over Ethernet (PPPoE). The lOBase-T interface provided at the HNU 50 
20 is IEEE 802.3 compliant. The HNU lOBase-T interface is connected to a standard 
Network Interface Card (NIC) installed in the customer's computer over CAT-3 or CAT- 
5 cabling in the home. The PPPoE session is initiated at the customer's computer and 
terminated by the ISP provider. The high-speed data service downstream performance is 
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20Mbps .shared among four homes connected at the Passive Optical Splitter 46 with 
downstream burst capability of 10Mbps to each home. The upstream performance is 
4.5Mbps dedicated for each home. All four of the homes linked to the Passive Optical 
Splitter 46 have the ability to conduct simultaneous 4.5Mbps data sessions. 
5 The HNU 50 executes power shedding during an AC power outage to 

automatically shut down video and data services to conserve battery power. 

C, Central Office (CO) Equipment 

The CO equipment consists of a Splitter WDM Frame (SWX) 30, fiber amplifiers 
and transmitters 38A-38E, DISC*S® MX MDS 20A 20B, 20F, DISC*S® Common 
10 Shelf 20C, broadband data aggregation equipment 22, plus the corresponding 
management systems 20E. The CO equipment supports existing NGDLC capabilities 
(TR-008, GR-303) plus the interfaces to OSS systems required for management of video 
and data traffic. 

The Splitter WDM Frame (SWX) 30 assembly collects the feeder network fibers 
15 from the HNUs 50 via the CO cable vault. The SWX shelf 30 subassembly is a passive 
optical signal distribution system that provides mass fusion termination of up to 96 of 
these fibers to fiber jumpers routed to the DISC*S® MX MDS 20F shelf. The SWX 
30 also performs the WDM function to separate the 1310nm signals (voice/data) from the 
1550nm signals (video) onto separate fibers within the CO. A single fiber carrying 
20 1550nm video signals is routed to the Optical Video Distribution equipment 38A-38E, 
Fibers carrying 1310nm voice/data signals from all the HNUs 50 (4 per fiber) are routed 
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to the MDS shelf(s) 20F. The SWX 30 also provides multiplexing of a 1550nm video 
broadcast signal from a single fiber to 32 outgoing fibers. 

The CATV and DBS signals 40, 42 entering the CO from the service provider 
head-end and satellite are received at the CDX 3 8 A, which combines both signals into a 
5 1550nm signal carried over a single fiber. This combined optical video signal is then 
amplified by a high power optical amplifier (FOA) 38B that acts as the "booster" stage in 
the CO Optical Video Distribution subsystem. The output of the booster FOA is fed to 
an optical splitter 38C that fans out the combined optical video signal to multiple parallel 
FOAs 38D, 38E that act as the distribution amplifier stages. The number of distribution 
10 FOAs is a function of the number of fibers in the network. The output of the distribution 
FOA is routed over fiber to an SWX(s) 30. A preferred FOA is an Erbium-Doped Fiber 
Amplifier (EDFA), although other types of optical amplifiers could be used with the 
invention. 

The fibers carrying voice and data signals over 1310nm are routed from the SWX 
15 30 to the MX MDS shelf 20F. The fibers are connected directly to the QOIU81 (Quad 
Optical Interface Unit) cards 20A in the MDS shelf. Each QOIU81 20 A accepts four 
fibers, where each fiber is carrying voice and data for four of the HNUs 50. There are 14 
QOIU81 slots available in the MDS shelf 20F, therefore each MDS shelf supports 224 
HNUs (14 cards x 4 ports per card x 4 homes per port). Since each HNU 50 represents 3 
20 POTS lines, the MDS shelf can distribute up to 672 POTS channels. 

The QOIU81 card 20A performs the optical to electrical conversion for four 
optical signals. The voice data is removed from the data stream received from the HNU 
50 and routed to a structured DS-0 TDM bus on the MDS backplane. The TDM data is 
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passed to the DPU1 (Data Processing Unit) 20B where the TSI function local to the MDS 
backplane is performed. The TDM voice data is then passed to the DISCOS® Common 
shelf 20C co-located in the same frame as the MDS shelf 20F. 

The DISC*S® Common Shelf 20C performs call processing and provides a TR- 
5 008 or GR-303 interface to the voice switch. The Common Shelf 20C implements a non- 
blocking 672 x 672 channel Time Slot Interchanges The Common Shelf implementation 
of GR-303 is fully compliant to Telcordia requirements and has been certified with all the 
major switch vendors' equipment. The GR-303 implementation includes flexible 
concentration. 

10 - The Common Shelf 20C further includes a Fuse and Alarm Panel that monitors 

the MDS shelf 20F as well as the Common Shelf 20C elements. The Fuse and Alarm 
Panel includes 16 alarm contacts that can be used to monitor other equipment, such as the 
Optical Video Distribution equipment. 

The 1310nm optical signals 28 received by the QOrU81 cards 20A in the MDS 

15 shelf also include Ethernet data packets from the HNUs 50. In similar fashion to the 
voice traffic, the QOIU81 20A removes the data packets from the digital signals derived 
from optical to electrical conversion of the signals received from all four fibers 
terminated at the card. The QOIU81 20A multiplexes the Ethernet data packets onto a 
single 100Base-T output 20G. The 100Base-T output 20G carries data traffic from 16 

20 homes consisting of up to 4 PPPoE sessions each. The 100Base-T signal from each 
QOIU81 20A is connected to an external Data Aggregation device 22 over CAT- 5 wiring 
in the CO. 
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The Data Aggregation device(s) 22 aggregates the Ethernet traffic from the 
QOIU81s 20A in the MDS shelf(s) 20F. The output of the Data Aggregation device 22 is 
connected to the telephony service provider's Data Transmission Backbone 26A, 26B. 

D. Element Management Systems 

5 A Supervisory System (SS) platform 20E is connected to the FTTH system 10 via 

the Central Office Termial (COT) 20D. The COT provides a control path DS1 to the 
Common Shelf 20C which carries control messages to/from the MDS shelf 20F and to 
the HNU 50 via the fiber link. The SS 20E is connected to the COT 20D via a RS-422 
connection. One COT 20D controls up to 16 Common shelves 20C. 

10 The SS 20E provides the interface to the system operator's Operational Support 

Systems (OSS). The SS manages tasks such as System Configuration, Provisioning, 
Maintenance, Inventory, Performance Monitoring and Diagnostics. 

Turning now to the remaining drawing figures, FIGs. 3-14 describe another 
exemplary embodiment of the present invention. 

15 FIG. 3 sets forth an overview of a FTTH system 10, which is based on the 

DISC*S® NGDLC system mentioned above, and more specifically, the DISC*S® MX 
system. This system 10 transports telephony, Packet data, CATV and DBS signals to the 
various subscribers via the optical network 44, 46, 48. In the upper left-hand corner of 
the Figure is a DISCOS® central office terminal (COT) 20D, which provides a TR57 

20 UDLC interface to the central office for DS-0 telephony service. The DISC*S® COT 
20D has an element manager 20E associated with it for managing the system, assigning 
service, cross-connects, monitoring alarm report history, etc. The DISC*S® HDT 20C 
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is the remote terminal end of the DISCOS® platform. In this system, the HDT unit 20C 
is supplied in the central office rather than being out in the field in a cabinet where it's 
typically located in a digital-loop carrier application, such that it is co-located with the 
central office terminal COT. The DISC*S© HDT 20C communicates directly to a class- 
5 5 digital switch via the TR08 or TR303 standards for integrated digital loop carrier 
applications. The DISC*S© HDT 20C includes a common equipment shelf 20C and a 
matrix distribution shelf 20F, The common equipment shelf 20C includes circuitry for 
handling telephony information, and the matrix distribution shelf 20F includes circuitry 
for combining the processed telephony information with Ethernet Packet data for 

10 distribution to the subscribers. 

The matrix distribution shelf 20F is normally used in DLC applications to provide 
distribution to optical network units (ONU's) using Quad OIU (QOIU) cards 20A. In the 
present invention, however, the Quad OIU cards 20A have been modified (as described 
below) to support the multi-media services provided in the FTTH system 10. Each Quad 

15 OIU card 20A has a 100 Base-T interface that interfaces to an Ethernet switch 22 going 
upstream for internet service providers (ISPs) 26B. The Ethernet switch 22 is coupled to 
a PPPOE server 26 A, which controls customer access to the ISPs 26B. This interface is 
utilized because typically the access loop provider (ie. 9 the telephone companies) cannot 
be an ISP themselves; instead, they provide the access, and transport mechanisms to 

20 various ISPs, including their own brand of ISP, for example. 

Internet access is provided via a plurality of 100 Base-T connections 20G, which 
are preferably shared over 16 HNUs 50. The data connection is coupled to the QOIUs 
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20B in the MDS shelf 20A, where the various 100 Base-T signals are combined, and then 
coupled to the SWX element 30 via a 1310 nanometer wavelength 2 optical fiber 28. 

The SWX element 30 is an optical distribution system. It includes WDMs that 
combine the 1310 nanometer signal 28 from the QOIUs 20A with a 1550 nanometer 
5 optical video signal 32 from the FOA 38E into one combined optical signal to feed the 
fibers 44 going out towards the subscribers. In addition, the SWX 30 includes a l-for-32 
splitter for the 1550 nanometer signal in order to share it over multiple fibers 44. 

The bottom left-hand corner of FIG. 3 shows the CO circuitry for interfacing with 
sources of analog/digital broadcast TV (i.e., CATV, VOD, etc.) and DBS signals 40, 42 

10 (the optical video distribution circuitry). These signals 40, 42 are input to a CDX 3 8 A. 
The CDX 38A is a CATV-DBS transmitter. The CDX 38A combines the CATV and 
DBS signals 40, 42 into a combined optical video signal at 1550 nanometers, which is 
subsequently distributed to a large number of HNUs 50. 

The output of the CDX 38A is coupled to a booster FOA (preferably an Erbium 

15 Fiber Doped Amplifier) 38B, which takes the combined optical video signal and 
amplifies it to provide 3 outputs of 20 DBM optical each. These 3 outputs are then 
coupled through 1 -for- 16 splitter on each of the 3 outputs, and each one of those 16 
outputs then drives a second FOA 38E with 8 outputs. The outputs from the second 
FOAs 38E are then coupled into the SWX 30, and go into a l-for-32 splitter, which is 

20 combined in a WDM with a 1310 nanometer signal from each of the 4 OIUs on a Quad 
OIU card 20A in the MDS shelf 20F. These signals are then routed to an optical 
mainframe 62, which is a cross-connect for the fibers, and out to a l-to-4 splitter 46 going 
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to the individual home network units 50. In this manner, one CATV feed 40 can support 
3x16x8x32x4, or approximately 50,000 subscribers. 

Each subscriber has a Home Network Unit (HNU) 50 preferably mounted inside 
their home. Coupled to the HNU 50 is a power module 64. The power module 64 takes 
5 120 volts AC, drops it down to 12 volts DC, and feeds DC power to the home network 
unit 50. The power module 64 is external to the HNU 50 so that it handles all the UL 
requirements and other safety requirements as an external module. There may be an 
optional battery backup box plugged into the home network unit 50 in order to maintain 
telephony communication in the event of a power failure. 

10 The home network unit (HNU) 50 takes the 1550 nanometer downstream video 

signal 32, and recovers the 50-750 MHz band as CATV or other types of TV signals. It 
also splits off approximately 950 to 2050 MHz for direct broadcast satellite (DBS) signals 
and distributes that to the home. The HNU takes the 1310 nanometer voice/data signal 
28 and derives the Packet data service 54 (Ethernet), which preferably supports a 

15 lOBase-T interface to the subscriber's computers, and i.e., the POTS service 56 that 
supports 3 telephone lines per subscriber. 

Each Quad OIU card 20A at the central office 12 supports 4 fibers, and with the 4- 
to-1 split on each one of these fibers, 16 home network units 50 can be coupled to one 
Quad OIU card 20A. The sixteen lOBase-T interfaces 54 in the homes are aggregated 

20 into a single 100 Base-T interface 20G back into the Ethernet switch 22 at the central 
office 12. In this manner, one 100 Base-T port supports 16 homes. 

FIG. 4 is a block diagram showing TCP/IP data transport over an Ethernet 
connection in the system of the present invention. This figure depicts data flow from the 
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PPPOE broadband remote access server 26A to the individual lOBase-T connections of 
the HNUs 50. From the PPPOE server 26A, the data connections fan out through 
Ethernet switches 22. Each Ethernet switch 22 supports multiple 100 Base-T interfaces 
20G to each Quad OIU card 20A, which in turn supports 4 fibers, or 16 HNUs 50, each 
5 having a 10 Base-T connection. 

Via this connectivity, the subscriber can connect their computer via Ethernet to 
the home network unit 50. The subscriber installs a PPPOE client on their computer that 
allows them to access ISPs through a dial-up networking client. Thus, to the subscriber 
software, the Ethernet connection looks just like a dial-up connection, but their is no 

10 dialing (as with a modem), and the connection is always active. The subscriber can drop 
a connection and make a connection to another ISP or to their corporation or to some 
other source. The traffic capacity downstream in this configuration is preferably 10 
Mbps, with upstream capacity at 4.516 Mbps, as limited by the TDMA PON signaling 
scheme, discussed below with reference to FIG. 7. Note that because the architecture of 

15 the invention is inherently scalable and only limited by the ability to transport light down 
the fibers, in the future other higher-speed data services, such as 100Base-T and even 
Gigabit Ethernet and beyond could be implemented to the HNUs 50. 

FIG. 5 is a block diagram showing POTS telephony transport in the system of the 
present invention. Here, the telephony data is packetized and routed to and from a class 5 

20 digital switch 18 in the central office 12, and it interfaces to the DISC*S® MX common 
equipment shelf 20C. The common equipment shelf 20C includes all of the circuitry 
necessary for proper routing and processing of the telephony data, such as an integrated 
Time-Slot Interchanger (TSI). From the DISC*S® MX shelf 20C there are a plurality of 
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ribbon cables coupling the common shelf 20C to the matrix distribution shelf 20F. The 
MDS Shelf 20F includes one or more drop processor unit cards 20B and a plurality Quad 
OIU cards 20A. From the QOIU cards 20A there are a plurality of fibers 44. Each fiber 
is coupled to a plurality of passive optical splitters 46, which preferably split off to 
5 service four HNUs 50. Each HNU 50, in turn, provides 3 POTS lines to a subscriber. 
Thus, each fiber 48 supports 12 POTS lines. 

The voice (telephony) information is handled in the system by configuring the 
voice data into packets and transporting these voice packets over the fibers 48, 44 back to 
the common equipment shelf 20C at the central office 12. Thus, the system of the present 

10 invention provides packetized voice transport in the local loop. In the present invention, 
the packetization of the voice traffic is carried out at layer 2 of the OSI standard 
communication layer model, which provides many advantages over other packet voice 
transport schemes, such as IP telephony, including greater bandwidth management 
flexibility, lower latency, etc. 

15 In the present invention, the logical pipe for transporting the voice traffic is shared 

on a point-to-point basis between the home network units HNUs 50 and the Quad OIUs 
20A, and voice traffic is prioritized over upstream data traffic. A special cut-through 
feature is implemented at the HNU 50 so that when a voice packet is ready to transmit, 
any data packet currently being sent is paused and the voice packet is cut-through for 

20 immediate transmission. This is done to prevent voice packets from having to wait until 
a large data packet completes transmission, which could take several TDM bursts. Once 
the voice packet has been transmitted, and assuming there are no other voice packets in 
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the queue to transmit, the HNU 50 will then resume data transmission. In this manner, the 
present invention provides superior packet voice transport versus IP telephony. 

FIG. 6 is a circuit schematic of a preferred optical transceiver employing echo 
cancellation for use with the system of the present invention. In the present invention, 
5 voice traffic is transmitted on the 1310 nm signal, both upstream and downstream using 
directional multiplexing. With this technique, upstream and downstream light signals at 
1310 nm are simultaneously transmitted on the same fiber. In order to accomplish this 
technique, the system must minimize reflections on the fiber so that echoes from a 
transmitter on one end of the fiber are not received by the receiver on the same end of the 

10 fiber. There are several methods employed in the FTTH system 10 for minimizing 
reflections and echoes. One mechanical method is to use all-fusion splicing for the fiber 
connections. Another mechanical method is to use an angled connector that has very low 
reflection where the fiber couples to the electronics at the central office 12. A third 
method is the use of a special optical transceiver with echo cancellation, which is shown 

15 in FIG. 6. Using this circuit, any echoes created by the transmitter are detected and 
compensated for using the echo cancellation circuitry in order to reduce the near end 
cross talk between the transmitter and receiver on the one end of the fiber. 

The circuit shown in FIG. 6 shows an exemplary optical transceiver having an 
echo cancellation circuit. The circuit builds upon the digital laser driver circuit described 

20 in more detail in co-pending application S/N 09/539,395, titled "Digital Laser Driver 
Circuit," the teaching of which has been incorporated into this application by reference. 
The digital laser driver portion of the circuit shown in FIG. 6 includes an FPGA 70 for 
synchronizing the digital modulation signal, which is preferably NRZ-type modulation 

CL:558860 30 



■ft ffl 3? ^ a n. ft arj in ui o e 3; o 



70A, a laser diode driver circuit including driver transistor 80, resistors 74 and 82, and 
capacitor 76, laser diode 86A, back-facet photodiode 86B (along with current setting 
resistor 84), a modulation monitor circuit 88 which is fed back to the digital FPGA 70 to 
control the modulation synthesis, and an automatic power control feedback loop 90, 78, 
5 which controls the power levels of the laser diode 86A. 

The echo cancellation portion of the circuit includes receiver photodiode 92, 
amplifier 102, and associated circuitry 104, 108, 110, a RISC processor 112, an echo 
canceller clock 70B in the digital FPGA 70, and a filter 94, 96, 98. The echo canceller 
circuit generates a signal that emulates the near and cross-talk signal (NEXT) and 

10 provides a cancellation signal into the negative input of the amplifier 102, thus 
compensating for the near end cross talk. 

This circuit operates slightly differently depending upon whether it is located at 
the QOIU 20A or the HNU 50. At the HNU 50, the transmitter is not always 
transmitting, so the RISC processor 112 can measure the difference in receive light level 

15 when the transmitter is transmitting and when it is not. The RISC processor 112 can then 
adjust the strength of the transmit cancellation signal output from the echo canceller 
block 70B until there is no difference in receive level when the transmitter is on, thus 
nulling the near end crosstalk signal. 

When operating At the QOIU 20A, the RISC processor 112 adjusts the echo 

20 canceller block 70B at power up before allowing the HNUs 50 to start transmitting. Then 
it will monitor the canceller during the guard times between HNU transmissions. The 
NEXT signal has no variable delay with respect to the transmitted signal. Thus, a 
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variable level version of the transmitted signal can be introduced into the receive 
transimpedance amplifier 102, 104 to cancel the NEXT signal. 

The RISC processor 112 has an analog to digital converter on chip. It will 
monitor the average receive signal from the transimpedance amplifier 102, 104 and 
5 instruct the FPGA 70 to either increase or decrease the cancellation signal until the proper 
cancellation level is achieved. 

FIG. 7 is a data protocol diagram showing a full-duplex Passive Optical Network 
(PON) protocol with TDMA return methodology for use with the system of the present 
invention. The top portion 120 of the drawing shows the downstream transmission from 

10 the central office equipment 12 to the HNUs 50. This downstream transmission 
preferably operates at 25 Mbps (with 20 Mbps payload) and is 8B10B encoded to provide 
packet delineation and also to minimize baseline wander. The downstream protocol 
includes a 1.6 us long burst ID 120A, which contains information that instructs each 
HNU (of the 4 in a group) which upstream return slot to use for transmission. The 

15 remainder of the downstream protocol is a 205.2 us long data stream 120B. The Burst ID 
120 A also may include information that indicates which home network units 50 are active 
so as to minimize the chance for interference in the upstream data path between the 
HNUs 50 in a group, particularly when a new HNU 50 is connected to the fiber network 
for the first time. 

20 Each home network unit 50 senses the Burst ID in the data protocol so as to know 

which upstream time slot (of the four) to communicate in within the upstream TDMA 
data stream, and also to know which other HNUs 50 in the group are active. Information 
regarding which HNUs 50 in the group are enabled and transmitting in the TDMA frame 
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is important in the event that a new HNU 50 is connected to the passive optical network. 
In this situation, the newly attached HNU 50 looks first to see whether other HNUs 50 are 
active in the group of 4, so that the new HNU 50 won't start transmitting on any of their 
time slots. The four HNUs 50 in a group share an 827.2us payload 122 consisting of four 
5 burst payloads, one from each of the four HNUs 50. The burst payload includes a 
preamble 122A that provides clock recovery and symbol synchronization, followed by 
the HNU data 122B, and then a post amble 122C, which indicates when a particular HNU 
50 has finished transmitting in its time slot. Some guard time is provided between the 
post-amble 122C of one HNU time slot and the preamble 122 A of the next time slot. The 

10 guard time can be kept relatively short in the present invention (preferably about 13 
microseconds) since the 4 HNUs 50 are preferably within 1km of the 1:4 splitter 46. By 
keeping the 4 HNUs 50 within a kilometer of each other, their signal delay relative to 
each other is less than 10 microseconds, and thus only 13 microseconds of guard time is 
needed between transmissions. 

15 FIG. 8 is an electrical block diagram of a Quad Optical Interface Unit (QOIU) 

card 20A operating at the CO terminal equipment 12 in the system of the present 
invention. The QOIU card 20A includes four FPGAs, a common FPGA 134, a data 
FPGA 132, and two framer FPGAs 130A, 130B. Other circuitry on the QOIU card 20A 
includes a 128Kx36 Synchronous RAM (SyncRAM) 140 coupled to the Data FPGA 132, 

20 a RISC processor 136, a 64Kxl6 SRAM coupled to the common FPGA 134, four 
electrical/optical (E/O) transceivers 142, wherein each E/O block 142 is coupled to one 
optical fiber, which is in turn coupled to four HNUs 50, and a 100Base-T Ethernet PHY 
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(Physical) integrated circuit 144 for communicating with the Ethernet switch 22 in the 
Central Office 12. 

The common FPGA 134 is coupled to the DPU 20B in the MDS shelf 20F, and 
handles all the telephony processing, including the voice packetization, etc. Voice 
5 communication, alarms, and management and provisioning are handled through the drop 
processor unit 20B. The data FPGA 132, communicates to a 100 Base~T PHY circuit 144, 
which is the fast Ethernet interface to the Ethernet switch 22. The data FPGA interfaces 
to the 100 Base-T PHY 144, and it aggregates packets coming from all 16 HNUs 50 
upstream through the four E/O transceiver blocks 142. The Data FPGA 132 includes a 

10 separate upstream buffer for each of the 16 HNUs 50 in a high-speed 128k by 36 
synchronous RAM 140, The Data FPGA 132 also includes a separate downstream buffer 
for each HNU 50. In this manner, the Data FPGA 132 takes data from the 100 Base-T 
PHY interface 155, buffers it up for each of the fibers and sends it to the fibers as fast as 
it can, and it takes data from the 16 HNUs 50, puts it all together, and prioritizes it, and 

15 sends it out over the 100 Base-T PHY 144 to the Ethernet switch 22. 

Each Framer FPGA 13 OA, 13 0B includes two framers (as shown in more detail 
below in FIG. 14.) Each framer is coupled to one of the E/O converters 142, and controls 
the framing of voice/data packets within a given fiber connection 28. 

Also coupled to the FPGAs is a RISC processor 136. The RISC processor 136 

20 stores Ethernet MAC addresses for each QOIU 20A and HNU 50. Since both voice and 
data are packetized in this system, the QOIU 20A needs to know the various MAC 
(Media Access Control) addresses of the HNUs 50 so as to enable proper packet delivery 
down the fiber network. MAC addressing is commonly known in the art of Ethernet 
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packet data transport. The Quad OIU card 20A has an Ethernet MAC address. When a 
particular HNU 50 is attached to the system, the HNU 50 starts sending packets, which 
are typically voice packets, upstream towards the Quad OIU 20A with the HNU's source 
MAC address embedded in these packets. The packets from the particular HNU 50 are 
5 . routed into the common FPGA 134 and stored in the SRAM 138. Each time the common 
FPGA 134 detects a new HNU 50, it interrupts the RISC processor 136, and the processor 
136 goes out and learns the MAC address of the new HNU 50 so that the QOIU 20A 
knows how to properly address downstream packets to that HNU 50. The processor 136 
then programs the common FPGA 134 so as to respond with a voice stream of packets 
10 that are directed towards the proper HNU 50. 

FIG. 9 is an electrical block diagram of the HNU 50. The HNU 50 is a unique 
part of the FTTH system 10 that provides complete, broadband, multi-media access for a 
single subscriber, as described generally above. The HNU 50 is a locally-powered 
advanced network device that provides 3 telephone POTS comiections, a bi-directional 
15 lOBase-T Ethernet connection, a CATV coaxial connection 60, and a DBS digital TV 
connection 58. These connections, which are preferably located along a single strip on 
the bottom of the HNU unit 50, are subsequently connected to the internal phone, data, 
and TV wiring of the subscriber's home or business, and then coupled to the phones, 
computers, TVs and other peripherals of the subscriber. 
20 As described in more detail in co-pending application S/Ns 29/120,491, titled 

"Wall-Mounted Home Network Unit," and S/N 60/186,486, titled "Home Networking 
Unit", the HNU 50 is a plastic housing that includes a plurality of media connections 
configured along a bottom edge of the housing. An external power supply is provided 
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that connects to an AC output and converts the 120 VAC power level into a 12VDC 
signal to power the electronics in the HNU 50. The external power supply may also 
include an optional 9VDC battery backup, which provides telephony power in the event 
of a power failure. The HNU 50 preferably includes a plurality of LEDs that provide an 
5 indication of the status of the device, such as whether there has been an error, or whether 
the unit is operating normally. Inside the HNU 50 is a single circuit card that is snap-fit 
into the unit, and thus requires no fasteners. This type of construction makes it very 
simple to upgrade the HNU 50 to other or more powerful multi -media services in the 
future. The single circuit card holds the circuitry shown in FIG. 9. A fiber splicing tray 

10 is mounted in the lid of the HNU housing, as shown and described in more detail in co- 
pending application S/N 09/520,587, titled "Splice Tray for use in Splicing Fiber Optic 
Cables and Housing Therefor." An input fiber 48 is routed into the HNU 50, coupled to 
the fiber splicing tray and fiber 174, and then coupled to the QuPlexer™ module 52 
mounted on the circuit card. 

15 Turning now to the functional circuitry of the HNU 50 shown in FIG. 9, the left 

hand side of the drawing shows the power conditioning and distribution circuitry of the 
HNU 50. A 12 volts DC line from the external AC-to-DC converter is input to the HNU 
50, along with an optional 9 VDC backup power line from the external battery pack. 
These inputs are diode or-ed together via diodes 184 and 186, and then supplied to the 

20 three buck converters 176, 178, 180, and the battery monitor 182. The three buck 
converters generate various voltages used by the HNU 50, such as 6.2 volts, 5 volts and 
3,3 volts. The QuPlexer™ circuit 52 is coupled to the 12 VDC line and the 6.2 volts from 
the buck converter 176. 
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The QuPlexer™ 52 is a module that handles all the optics, optical to electrical 
conversions O/E and E/O, and optical multiplexing/demultiplexing of the various multi- 
media signals serviced through the HNU 50. An input fiber 174 couples to the 
QuPlexer™ 52, and carries the 1550 nm video information and the 1310 nm telephony 
5 and data information. The QuPlexer™ receives the 1550 nm video signal, isolates it from 
the 1310 nm signal, converts it to a corresponding electrical signal, and routes that signal 
to the CATV connector 172 and the DBS connector 172 for distribution to the TV and 
other peripheral devices in the subscribers home that are connected to the CATV coax 60 
or the DBS coax 58. The operation of the QuPlexer™ is described in more detail in co- 

10 pending application S/N 09/395,844, titled "Apparatus and Method for Extracting Two 
Distinct Frequency Bands from Light Received by a Photodiode," which has been 
incorporated into the present application by reference. 

The QuPlexer™ 52 is, in turn, coupled to the laser driver 162 and the receiver 
160. The laser driver may be similar to that shown above in FIG. 6. The laser driver 162 

15 provides electrical voice/data signals to the QuPlexer™ 52, which are then converted into 
optical upstream signals at 1310 nm. 

The laser driver 162 and the receiver 160 are, in turn, coupled to a control FPGA 
150, which includes a 25 MHZ voltage-controlled phase-locked loop (PLL) 152 that 
locks onto the downstream optical 1310 nm signal to recover the data packets. An 

20 SRAM 154 is also coupled to the control FPGA 150 for buffering packets and voice data. 
A RISC controller 158 is coupled to the control FPGA 150, and stores the MAC address 
for the HNU 50 and also handles the learning of the Quad OIU card 20A address so that 
the HNU 50 addresses its voice packets correctly. 
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A Quad PCM combo CODEC 156 is coupled between the control FPGA 150 and 
the three POTS circuits, and performs mu-law companding/expanding of the voice 
signals from the POTS lines. The three POTS circuits include a ringing SLIC 
(subscriber line interface circuits) 56, an RJ 11 jack 164, and an inverting DC-to-DC 
5 converter. The inverting DC/DC converter takes the input 12VDC or 9 volt battery level 
and converts it to a negative 24 .to 70 volts that is needed for powering the drop telephone 
line circuit to the home subscriber's telephones. When the circuit is ringing, 75 volts is 
output from the inverting converter 166, and when the line is off-hook, 24 volts is output 
from the inverting converter 166 in order to make the circuit more power efficient. 

10 The control FPGA 150 also drives the lOBase-T Ethernet PHY 54, which is an 

integrated circuit that handles the physical layer transport of Ethernet packets to and from 
the subscriber's data network. Coupled to the Ethernet PHY 54 is a transformer 170 and 
then the RJ45 jack 168 for the lOBase-T connection. 

The HNU 50 also includes a test interface 188, and a battery monitor circuit 182 

1 5 for monitoring the status of the external battery pack. 

FIG. 10 is a data flow diagram showing the coupling between a QOIU 20A at the 
central office terminal and one HNU 50 located at the subscriber's premises. As shown 
in more detail in FIG. 8, the QOIU 20A includes the data FPGA 132 and the common 
FPGA 134 and the two framer FPGAs 130A, 13B, with two framers included in each one 

20 of the framer FPGAs. Thus, there are four framers on each QOIU card 20A. Also shown 
are the E/O (Electrical/Optical) transceiver blocks 142, the RISC processor 136, the 
SRAMs 140, 138, and a pair of VCXOs operating at 25 and 37 MHz, respectively. As 
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noted above, the data FPGA 132 is coupled to the 100Base-T line through the Ethernet 
PHY integrated circuit 144, and the common FPGA is coupled to the DPU 20B. 

The framers within the Framer FPGA 13 OA, 13 OB (described in more detail 
below in reference to FIG. 14) aggregate the voice signals coming from the common 
5 FPGA 134 and the data signals coming from the data FPGA 132, and merges them 
together for coupling to the downstream fiber 44/48. Upstream voice/data information is 
also coupled to the framer, which routes the voice packets to the common FPGA 134 and 
routes the data packets over to the data FPGA 132 from which they are coupled to the 
100 Base-T interface 144. 

10 At the HNU 50, the 1310 nm downstream voice/data Packet signals are received 

by the QuPlexer™ 52, extracted and converted into corresponding electrical signals, and 
routed to the HNU control FPGA 150. From here, the voice packets are extracted and 
routed to the three POTS lines 56, and the data packets are extracted and routed to the 
Ethernet PHY lOBase-T interface 54. Also shown at the HNU 50 are the RISC processor 

15 158, the 25 MHZ VCXO 152, and the support SRAM 154. Upstream voice/data 
information from the POTS lines and the Ethernet connection are packetized at the FPGA 
150 and routed to the QuPlexer™ 52 for conversion to 1310 nm optical signals to launch 
onto the fiber network 44/48 back to the QOIU card 20A. 

FIG. 11 is an electrical block diagram showing the logical components of the 

20 control Field Programmable Gate Array (FPGA) 150 operating within the HNU 50. 
Beginning at the upper left corner of the figure, the Receiver (Rx) fiber interface block 
200 is coupled to the optical receiver and receives packets of information. If those packets 
match the MAC address of the HNU 50, they are deemed to be voice packets destined for 
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this HNU's telephony interface, and are routed down to the received (Rx) DS-0 packet 
handler 222, where they are stored into a receive EAB 226, The EAB 226 is an 
embedded RAM. This received voice information is then fed out smoothly to the 
CODEC interface 230, and routed off-chip to the Quad CODEC 156. Voice information 
5 coming into the CODEC 156 is transferred on-chip through the CODEC interface 230, 
from which it is routed into a transmit EAB 228 where it is buffered. The transmit (Tx) 
EAB is also an embedded RAM. Typically, 4 milliseconds of speech is buffered in the 
Tx EAB 228 before a new voice packet is generated. The transmit DS-0 packet handler 
224 transmits a new packet towards the Quad OIU 20A at the central office 12 every 4 

10 milliseconds via the Tx Fiber interface 202, which is coupled off-chip to the laser driver 
162 and then the QuPlexer™ 52. Three SLIC interfaces 232 are also coupled to the Rx 
and Tx DS-0 packet circuitry 222, 224, and control the ringing SLICs 56. 

A RISC processor interface 234 is included in the FPGA, and is used to 
communicate infonnation between the control FPGA 150 and the off-chip RISC 

15 processor 158. This is provided so that the processor has access to read and write in the 
EABs so that it can leam the MAC address of the Quad OIU 20A for packet routing. 

As noted above, if the received packet at the Rx Fiber interface 200 matches the 
HNU's MAC address, it is routed to the receive DS-0 handler 222. If the address of the 
packet doesn't match the MAC address of the HNU 50, then the packet is routed to the 

20 receive memory controller 206, where it gets stored in the 64k by 16 SRAM 210. Packets 
are also monitored coming downstream from the home devices to the HNU 50, and if it 
matches a MAC address that has already been learned by the HNU 50 as being associated 
with peripherals coupled to the Ethernet PHY 54, then the packet gets forwarded on to the 
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Ethernet connection. If the MAC address doesn't match a learned MAC address at the 
HNU 50, then it is discarded so that only packets destined to MAC addresses at the 
particular subscriber's home actually go through the HNU 50. In this manner, packets 
associated with other HNUs 50 are not visible to the other HNUs 50 on the fiber network. 
5 The receive memory controller 206 writes those packets with learned MAC 

addresses into the SRAM 154 via the memory interface 210. The transmit memory 
controller 212 then reads the stored data packets out from the SRAM 154 via the 
memory interface 210, and sends them to the receive Ethernet MAC 214, and out to the 
Receiver Ethernet PHY 54 for physical transport to the subscriber's data network. 

10 Data traffic coming from the subscriber's network is received by the transmit 

Ethernet PHY 54, and is routed on-chip to the Tx Ethernet MAC 218, onto the Rx 
Memory controller 220, and is written into the SRAM 154 via the memory interface 210. 
Also shown here is a Rx Ethernet monitor 216, which monitors the incoming data traffic 
from the subscriber's network and learns the MAC addresses associated with computers 

15 (or other devices) in that home. These MAC addresses are stored and utilized by the Rx 
Memory controller 206 in determining whether received data packets from the 
QuPlexer™ 52 should be routed onto the subscriber's Ethernet connection or dropped. In 
one embodiment of the invention, the system only carries PPPOE traffic, and therefore 
the Rx Ethernet Monitor 216 is configured to learn only those MAC addresses associated 

20 with PPPOE traffic. In this manner, the subscriber can have a home network in their 
house with a number of computers, but only those machines that communicate using 
PPPOE can send/receive data outside the home network. 
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The transmit memory controller 208 reads data packets out from the memory 154 
via the memory interface 21, and routes them out to the transmit fiber interface 202, 
where the data packets from the Ethernet connection are merged with the voice traffic. 
The transmit fiber interface 202 prioritizes voice packets from the Tx DS-0 packet 
5 generator 224 so as to reduce any latency that may be added to the voice traffic in the 
event of a large data packet from the Tx memory controller 208. If a large data packet is 
already in the process of being transmitted, the Tx Fiber Interface will pause transmitting 
that data packet and cut-through to the voice-packet from the Tx DS-0 packet generator 
224 in order to ensure that the voice packets are prioritized, thereby reducing the round- 

10 trip latency imposed on voice traffic within the system. 

FIG. 12 is an electrical block diagram showing the logical components of a Data 
FPGA 132 operating within the QOIU card 20A. The Data FPGA 132 includes a plurality 
of Rx Framer interfaces 244, a plurality of Rx HNU Handlers 246, a Tx Ethernet 
controller 252, a Tx Ethernet 100Base-T MAC 254, a Rx Ethernet 100Base-T MAC 256 

15 a Rx Ethernet Controller 258, a Tx Framer Interface 248, and a memory interface 250 to 
the 128Kx36 SyncRAM 140. 

Referring back to FIG. 10, there are preferably 4 fibers coming in to 4 
transceivers 142, that go through the 4 framers 130A, 130B. Each of those 4 framers 
130A, 130B examine the data packets to determine whether a particular packet is a voice 

20 packet or a data packet. If the packet is a voice packet, then the framer sends it to the 
common chip 134, and if the packet is a data packet or associated with a MAC address 
other than the Quad OIU's 20A MAC address, it sends the packet to the data FPGA 132. 
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Turning back to FIG. 12, then, there are 4 receive framer interfaces 244 for each 
of the four framers on the QOIU card 20 A, one for each fiber. Each fiber supports 4 
HNUs 50, and thus there are 4 receive HNU handlers 246 for each fiber, for a total of 16 
receive HNU handlers 246. Each of the HNU handlers 246 includes a separate state 

5 machine for receiving incoming packets. The HNU Handlers 16 then couple to the 
memory interface 250, where the packets are written into the synchronous SRAM 140, 
wherein the data for each HNU 50 is written into a separate memory buffer. 

In the upstream direction, each time the receive handler 246 puts a packet in the 
memory 140 it sends an increment command to the transmit Ethernet controller 252. The 

10 transmit Ethernet controller 252 has a counter for each of the HNUs 50, so it knows how 
many packets are in the RAM 140. The controller 252 includes a scan state machine that 
scans the HNU buffers in the SyncSRAM 140 to identify traffic that needs to be sent. 
This traffic is then spooled out of the RAM to the transmit Ethernet 100 Base-T MAC, 
which is, in turn, coupled to the transmit Ethernet PHY 144 for routing to the Ethernet 

15 switch 22 at the central office 12. 

Data packets coming into the Quad OIU card 20A on the 100 Base-T line 20G are 
received by the receive Ethernet PHY 144, and are then coupled to a receive Ethernet 
100Base-T MAC 256. This MAC circuit 256 detects the preamble of the Ethernet packet, 
performs the CRC checking, etc. If the CRC checking fails, or the packet is too short, 

20 then the packet is discarded. The packets from the MAC 256 are then routed to a 
plurality of Rx Ethernet Controllers 258, preferably one for each fiber coupled to the 
QOIU card 20A, from which the same packets are written into the buffers for each of the 
four fibers, these buffers being located in the syncSRAM 140. Alternatively, a function 
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could be implemented on the Data FPGA 132 to leam all the MAC addresses coming 
upstream, so that the system knows which MAC addresses are associated with which of 
the four fibers serviced by the QOIU card 20A, and thus a particular packet is only routed 
to the fiber buffer in memory 140 that is associated with that packet's MAC address. 
5 From the memory 140, the packets are then routed out to the four Tx Framer Interface 
circuits 248 (one for each fiber), and then routed to the Framer FPGAs 130A, 130B. 

FIG. 13 is an electrical block diagram showing the logical components of a 
preferred Common FPGA 134 operating within the QOIU card 20 A. The Common 
FPGA 134 includes a PCMR interface block 270 for receiving Pulse-Code Modulated 

10 (PCM) data from the DPU controller 20B, a PCMX interface block 272 for transmitting 
PCM data to the DPU controller 20B, a back-plane processor interface 274, which is also 
coupled to the DPU 20B, a phase-locked loop block 276, a RISC interface block 278, a 
memory controller block 280 for interfacing the circuitry on the common FPGA to an 
associated SRAM 138, a plurality of OIU Receiver interface modules 282 for interfacing 

15 with the framers on the Framer FPGA, and a transmit packet generator 292 for 
transmitting packets to the framers. 

The PCM information to and from the DPU 20B gets constructed into memory 
packets in the SRAM 138 via the memory controller 280, and these memory packets are 
then routed to the 4 OIU receive interfaces 282, or to the transmit packet generator 292. 

20 Each of the receive interfaces 282 includes a memory controller multiplexer 284, a 
plurality or Rx Packet Handlers 286 (preferably 4, one for each HNU 50 on the fiber), 
and a Rx Packet Demultiplexer 288. Serial data packets from the framer on one of the 
receive lines are demultiplexed by the Rx Packet demultiplexer 288 and then routed to the 
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appropriate Rx Packet Handlers 286, depending on which HNU 50 the packets are 
associated with. The outputs from the handlers 286 are then coupled to the memory 
controller mux 284, which combines the four outputs from the Rx Packet Handlers 286 
into one stream to the memory controller 280, and then to the SRAM 138. On the 
5 downstream side, PCM data packets are built up in the memory 138 and routed out to the 
transmit packet generator 292, which transmits the PCM data packets to the framers on 
the Framer FPGA. 

FIG. 14 is an electrical block diagram showing the logical components of a 
Framer FPGA 130 operating within the QOIU card 20A. There are two framers within 

10 each Framer FPGA 130, although FIG. 14 shows the details of just one of those framers. 
The circuitry shown within the block 300 would be replicated below for the second 
framer. Thus, each framer FPGA 130 supports two fiber interfaces, and thus 8 HNUs 50. 

The framer 300 (or fiber transceiver) includes a receiver 302 and a transmitter 
304. The framer receiver 302 includes a phase detector block 306 comprising a plurality 

15 of worddetect blocks 308, a TenB Deserializer block 310, an Rx Data Decode block 312 
including an 8B10B decoder block, a plurality of Rx Fiber Interface blocks 314, a Rx 
FPGA link for the data signals 316A, which is coupled to the Data FPGA, and a Rx 
FPGA link for the voice signals 316B, which is coupled to the Common FPGA, The 
transmitter 304 includes a Tx FPGA link 322A for receiving data signals from the Data 

20 FPGA, a Tx FPGA link 322B for receiving voice signals from the Common FPGA, a Tx 
Fiber Interface block 320 including a Tx Parallel Interface, a Tx Parallel-to-Serial 
Interface, a TenB Serializer, and an 8B10B encoder block, and a Tx Data block 318. 
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On the left hand side of the framer 300 is the fiber interface. Here, the receive 
data comes into the framer and it is recovered by over-sampling the receive data using 
four separate receivers 306, 308 running at 100 MHz. These four receivers effectively 
sample the 25 Mbps NRZ data signal at 90 degree phases. The framer determines which 
5 of the four receivers is the best receiver in that it is aligned to recover the data accurately 
based on detecting a preamble. Once this is determined, the selected receiver locks onto 
the receive data stream. 

A word detector 308 detects the comma character of the 8B10B code. Once this 
symbol is detected, the receive data stream is routed to a 1 0B deserializer 310 that 

10 recovers the ten-bit word through a receive data decoder 312, which is a 1 0B to 8B 
decoder so that out of the 10 bits, the circuit recovers 1 byte of information. In these 
blocks 310, 312 a control word is detected that indicates the start of a packet, the end of a 
packet, etc., which are used by the framer to control the pausing of a data packet so that a 
higher priority voice packet can be cut through, as described above, in order to minimize 

1 5 the voice packet latency through the FTTH system. 

From here, the packets are routed to the receiver fiber interface 314, which 
examines the packets coming in from each home network unit 50. This block 314 
monitors the traffic from one HNU 50. When the home network unit 50 stops 
transmitting, the next fiber interface monitors the traffic from the next HNU 50, and so on 

20 for each of the four HNUs 50 serviced by one framer. The receiver fiber interface 314 
examines the MAC address of the incoming packets from the particular HNU 50, and 
depending on the Ethernet ID, the packet is routed to either the data FPGA or the 
common FPGA. Different Ethernet IDs in the packets indicate whether the packet is a 
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voice packet or a data packet, thus providing level-2 voice packetization over the fiber 
network. The FPGA links 316A, 316B then transport their respective data and voice 
packets to either the Data FPGA or the Common FPGA. 

On the downstream side, there are links 3 22 A, 322B from the data FPGA and the 
5 common FPGA coming into the framer. If the framer receives a voice packet from the 
common FPGA, the voice packet gets priority over any data packets that may be received 
from the data FPGA. If there are no voice packets, then the framer selects any incoming 
data packets through the data link 322A. There is a handshaking function that takes place 
between the transmitter framer and the data and common FPGAs so as to ensure smooth 

10 packet transfer to the transmit fiber interface 320. The interface 320 encodes, serializes 
and selects the data stream from the data links to form a single transmit stream going out 
as transmit data and that gets coupled to the fiber transmitter. 

FIG. 15 shows an HNU timeslot selection interface 330 that may be included in 
the HNUs 50. As noted above, each of the four HNUs 50 in a group transmit upstream 

15 to the central office 12 in one of four TDM A data slots. FIG. 15 shows a mechanism for 
manually selecting the upstream TDMA time slot for a particular HNU 50. An interface 
330 is preferably included on the single circuit card in the HNU 50. This interface 
consists of four green LEDs 332 and a red LED 334. The four green LEDs 332 are 
marked HNU1, HNU2, HNU3, and HNU4, and the red LED 334 is marked clear. Also 

20 included is a select pushbutton 336. The select pushbutton is used to select the upstream 
TDMA timeslot for the HNU 50. Each time the pushbutton 336 is depressed, the HNU 
50 will cycle from one HNU timeslot to the next, and the associated green LED will be 
illuminated indicating which HNU timeslot is currently selected. 
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FIG. 16A sets forth the methodology 340 of automatically selecting an HNU 
timeslot when power is first applied to the HNU 50. Beginning at step 342, power is 
applied to the HNU 50, or, as described below, a timer interrupt causes the already- 
powered up HNU 50 to proceed to the remaining steps of the method. At step 344, the 
5 HNU 50 retrieves a pre-programmed HNU timeslot from memory. The HNU 50 then 
determines, at step 346, if that timeslot is already in use by another HNU 50 in the group 
of four HNUs 50. If the timeslot is not in use, then at step 354 the HNU 50 is enabled to 
communicate on the stored timeslot. At step 356, the LED corresponding to that timeslot 
is then illuminated, and at step 358, the timer interrupt is disabled. Control then passes to 

10 step 360, where the HNU 50 is waiting for an interrupt to occur (such as the pushbutton 
interrupt described with reference to FIG. 16B.) 

If, however, at step 346, the HNU 50 determined that the timeslot was in use by 
another HNU 50, then control passes to steps 348, 350, and 352, where the HNU is 
disabled from communicating on that timeslot, the clear LED is illuminated indicating 

15 that the HNU 50 is not communicating, and a timer interrupt is enabled. Control then 
passes to step 360, where the HNU is waiting for an interrupt to occur. Having enabled 
the timer interrupt at step 352, this interrupt at step 360 could be the timer interrupt or it 
could be the pushbutton interrupt described below. When the timer expires, an interrupt 
is generated that causes the HNU 50 to loop back to step 342, and repeat steps 344 to 360. 

20 FIG. 16B sets forth the methodology 370 of manually selecting an HNU timeslot. 

If the HNU 50 is trying to communicate on a timeslot that is already associated with 
another HNU 50, then the method shown in FIG. 16A will result in the HNU 50 turning 
on its clear LED to indicate that it is not communicating. Using some type of pushbutton 
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336, switch, or other type of signal generator, a user or installation specialist can cause 
the HNU 50 to select one of the other four timeslots. When the pushbutton 336 is 
depressed, an interrupt is generated at step 372. This pushbutton interrupt causes the 
HNU 50 to cycle to the next clear timeslot at step 374. This next timeslot is then stored 
5 in the HNU memory as its new default timeslot. At step 378 the HNU 50 is enabled to 
communicate on the new timeslot, at step 380 the correct LED indicator for that timeslot 
is illuminated, and at step 382, the timer interrupt is disabled. Control then passes to step 
384, where the HNU 50 is waiting for another pushbutton interrupt to occur. 

FIG. 17 sets forth a first embodiment of a 1:N reflective passive optical coupler 

10 for use in a passive optical network. The use of this unique reflective coupler, in 
combination with advanced half-duplex signaling techniques, enables the FTTH systems 
disclosed herein to achieve higher data transmission rates. The 1:N reflective optical 
coupler 46 is used in place of the 1:4 splitter 46 shown in FIGs. 1-3, and includes a single 
upstream transmission port coupled to an extension fiber 44, and N downstream 

15 transmission ports, which are coupled to a plurality of drop fibers 48. 

With the system shown in FIGs. 1-3, each of the HNUs 50 attached to a particular 
1:4 splitter 46 cannot "see" whether the other HNUs 50 are transmitting upstream on the 
extension fiber 44. Because of this limitation, the system utilized a full-duplex 
communication protocol in which the central office instructed the HNUs 50 as to when 

20 they should communicate upstream on the extension fiber 44. FIG. 7, and accompanying 
description, describes this full-duplex protocol in which the central office equipment 12 
transmits a burst ID 120A downstream to the HNUs 50. Each of the HNUs 50 senses the 
burst ID in the data protocol in order to know which upstream time slot (of the four time 
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slots) they should communicate on, and also to know which of the other HNUs in the 
group of four are active. 

In order to increase the data rate of the system, a half-duplex protocol can be 
utilized. The half-duplex protocol provides the advantage of better noise immunity and 
5 insensitivity to near-end cross-talk at the HNU laser driver/receiver. Although it may be 
possible to implement the half-duplex protocol using the 1:4 splitter shown above, this 
would complicate the design of the host control protocol, and would likely introduce a 
significant amount of latency into the system, thereby degrading the increase in data rate 
provided by the half-duplex protocol. By using the reflective coupler shown in FIGs. 17- 

10 19, however, in which each of the N HNUs 50 can "see" whether the other HNUs are 
transmitting on the single extension fiber 44, protocol control can be decentralized from 
the central office equipment to each of the HNUs 50. 

Using software operating at the HNUs 50, each HNU 50 can then determine when 
it is to communicate upstream on the fiber 44 by sensing whether the other HNUs 50 are 

15 transmitting. A simple round-robin type algorithm could be utilized, in which each HNU 
50 is provided with a particular burst transmission slot in which to transmit data upstream 
to the central office. Alternatively, however, more complex algorithms could be utilized 
to increase the upstream bandwidth of a particular HNU 50, if, for example, the other 
HNUs 50 are not utilizing their assigned time slots. Many other dynamic bandwidth 

20 allocation algorithms could be implemented at the HNUs 50 in order to increase the 
upstream data efficiency of the system. 

The reflective coupler is preferably a 1:8 coupler, meaning that it couples a single 
extension fiber 44 to eight drop fibers 48, although in practice it could be of many other 
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configurations, such as 1:4, 1:16, 1:32, etc. The reflective coupler 46 shown in FIG. 17 
differs from the couplers described above in that each of the HNUs 50 are optically 
coupled not only to the fiber 44, but are also optically coupled to each other. Using the 
structures shown in FIGs. 17-19, this enables each of the HNUs to "see" what the other 
5 HNUs are doing in terms of communicating data onto the single extension fiber 44, and 
thus overcomes some of the technical limitations imposed on the system as described 
above with reference to FIG. 7. More specifically, this reflective coupling of the HNUs 
50 enables dynamic, self-controlled access to the fiber 44 by each of the HNU devices 50, 
thereby enabling use of a half-duplex data protocol that can operate at a much higher rate 

10 than the full duplex protocol described with reference to FIG. 7. In addition, utilizing this 
reflective coupler 46 enables data transmission directly from one HNU 50 to another 50 
without intervention by any CO equipment. 

Preferably, the reflective couplers 46 are no more than 1km from the HNUs 50, 
and the extension fiber 44 is preferably no more than 6km in length. Using this 

15 configuration, it is expected that bi-directional data transmission rates of up to 70.9 
Mbit/s could be supported, in addition to telephony and video signals as described above. 

On the upstream side, the reflective coupler 46 preferably includes a single 
upstream transmission port that is coupled to a single extension fiber 44 emanating from 
the central office location, where it is coupled to the SWX circuitry 30, as described in 

20 more detail above. The SWX 30 is in turn coupled to the two optical signals 28, 32, one 
signal 28 carrying telephony and data signals from the Host OIU equipment 20, and a 
second signal 32 carrying video data from a video source 40. As described above, these 
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signals 28, 32 are multiplexed, converted into a combined optical signal at the SWX 30, 
and transmitted downstream towards the HNUs via the extension fiber 44. 

On the downstream side, the reflective coupler 46 includes N downstream 
transmission ports that are connected to N drop fibers 48, each of which terminates at an 
5 HNU 50 at a subscriber location. Preferably, N is equal to 8, although other 
configurations, such as 1:2, 1:4, 1:16, etc., are also possible. Within the reflective coupler 
46 are a plurality of optical splitter/couplers 402, 404 which couple the eight drop fibers 
48 to the single extension fiber 44, and also which couple the eight drop fibers 48 to each 
other by echoing signals between the downstream transmission ports via the pluraltiy of 

10 optical splitter couplers 402, 404. 

FIG. 17 sets forth one embodiment of the reflective coupler 46 that includes a 
single 1x2 splitter/coupler 402, and eight 2x2 splitter couplers 404A-404H. The single 
1x2 splitter/coupler 402 is connected on the upstream side through the upstream 
transmission port to the extension fiber 44, and on the downstream side to two 2x2 

15 splitter/couplers 404 A, 404B. Each of these two 2x2 splitter/couplers 404A, 404B are, in 
turn, coupled to two more 2x2 splitter couplers 404E, 404F, 404G, 404H, and are also 
coupled to each other. In the configuration shown in FIG. 17, splitter/coupler 404 A is 
coupled to splitter/couplers 404E and 404F, and splitter/coupler 404B is coupled to 
splitter/couplers 404G and 404H. Each of these two pairs of splitter couplers (404E and 

20 404F forming a first pair, and 404G and 404H forming a second pair) are, in turn, 
coupled to four drop fibers 48 through four downstream transmission ports, and the two 
splitter/couplers that comprise the pair are also coupled to each other through 2x2 
splitter/couplers 404C and 404D. 
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By implementing the structure shown in FIG* 17, each of the HNUs 50 connected 
to the drop fibers 48 can "see" what the other seven HNUs 50 are communicating onto 
the extension fiber 44 because of the reverse coupling though the 1:8 coupler 46, which 
echoes data signals transmitted on one of the drop fibers 44 to all of the other drop fibers 
5 44 connected to the splitter/coupler 46. In addition, this configuration of the coupler 46 
enables direct communication between and among the HNUs 50 connected to the single 
coupler 46 without any intervention by the central office equipment. 

FIG. 18 sets forth a second embodiment of the reflective passive optical coupler 
46 shown in FIG. 17. The structure of the reflective coupler 46 in this embodiment is 
10 similar to that shown in FIG. 17, except that it replaces the upstream 1x2 splitter/coupler 
402 with another 2x2 splitter/coupler 4041. This configuration is for use with a system in 
which the telephony/data signals 28 from the host OIU 20 and the video signals 32 from 
the video source 40 are delivered over separate extension fibers, and are not combined at 
the central office SWX equipment 30. In this configuration, the coupler 46 includes two 
15 upstream transmission ports, one for each of the extension fibers, and N downstream 
transmission ports, one for each of the drop fibers. 

FIG. 19 sets forth a third embodiment of the reflective passive optical coupler 46 
shown in FIG. 17. This embodiment includes a 1x2 splitter/coupler 402 coupled to the 
upstream transmission port, and four additional 1x2 splitter/couplers 404E, 404F, 404G, 
20 404H coupled to the eight downstream transmission ports. Coupling the 1x2 couplers are 
three additional 2x2 splitter couplers 404A, 404C, 404D. 

FIG. 20 sets forth a timing diagram for communicating over a passive optical 
network (PON) utilizing one or more of the three reflective optical couplers shown in 
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FIGs 17-19. The first diagram 410 shows the burst structure on the fiber 44 in which 
each of the HNUs 50 is enabled for maximum burst length. As shown here, the HNUs 50 
transmit in a round-robin order on the fiber 44, starting at HNU NO through N8 before 
returning to NO. Preferably, the maximum burst length for each HNU is limited to permit 

5 the transmission of time-critical information, and also to ensure that no one device is 
using all of the available bandwidth. The second diagram 412 shows the situation in 
which one of the HNUs, here HNU NO, is enabled for maximum burst length at the 
expense of the other HNUs. In this diagram, one of the HNUs is thus configured to 
achieve maximum upstream bandwidth. Other configurations of the HNUs is also 

10 possible in which 2, 3, 4 or more of the 8 HNUs are essentially sharing the upstream 
bandwidth of the fiber. The third diagram 414 shows maximum burst length for the host 
communications from the central office. 

The preferred embodiments described with reference to the attached drawing 
figures are presented only to demonstrate certain examples of the invention. Other 

15 elements, steps, methods and techniques that are insubstantially different from those 
described above are also intended to be within the scope of the invention. 
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